An aqueous extract of Hibiscus sabdariffa L. is a common beverage in many parts of the world. Reports on its effect on reproduction are conflicting, with anecdotal evidence that the plant is an aphrodisiac, while others report that it is estrogenic, and adversely affects spermatogenesis in rats. We have studied the effect of different concentrations of aqueous extracts of H. sabdariffa calyces (10%, 15% and 20%) used as drinking water for 10 consecutive weeks, and its anthocyanins (50, 100, 200 mg/kg for 5 days, orally) on the weight and histology of the testis, and on some biochemical constituents in testicular homogenates, in addition to the plasma concentrations of testosterone, luteinizing hormone and estradiol. The possible presence of an estrogenic effect of the extract and anthocyanins on the uteri of immature female rats was also tested. Neither the H. sabdariffa extract nor the anthocyanins significantly altered either testicular weight and histology, or uterus weight. Plasma concentrations of the three hormones studied, the testicular concentrations of protein, reduced glutathione and total cholesterol, and superoxide dismutase activity were all insignificantly affected by either the extract or the anthocyanins, except for a slight, but statistically significant, decrease in testicular protein concentration caused by the 15% aqueous extract when compared with controls. These results suggest that H. sabdariffa exerts no adverse effect on the male reproductive system. Consumption of H. sabdariffa aqueous extract inhibited the growth of the rats compared with the controls.
Hibiscus sabdariffa L. (family Malvaceae), also known as 'roselle' in English and 'Karkadee' in Arabic, is a native plant of Central and West Africa, but grows throughout many tropical areas [1a-c] . It has a long medical history in Africa and neighboring tropical countries for many health conditions, including hypertension, dyslipidemia, liver diseases, cancer, constipation, and fever [for a review see 2] The plant is also widely used in Egypt, Iran and Thailand, as well as in Western countries, in jams, jellies, and drinks. In some countries, it is used for decorative purposes [3a-c] .
Many different types of compound have been extracted from H. sabdariffa, such as organic acids, hydroxycitric acid lactone, phenols, protocatechuic acid and flavonoid derivatives [2, 4] . Anthocyanins extracted from the flowers of this plant have been demonstrated to have protective effects on testicular toxicity [5a, b] . We have also shown previously that the aqueous extract of the calyces of the plant and its anthocyanins can mitigate paracetamol hepatoxicity in rats [5c].
H. sabdariffa has been shown to be generally safe, even with long term use [2] . However, reports on the effect of this plant on reproduction are at variance. While there are some anecdotal reports suggested that the plant extract is an aphrodisiac [6a, b] , others have reported that the extract is estrogenic in male rats [6c], and the related species H. rosa sinesis has an adverse effect on spermatogenesis [6d]. Recently, it was reported that the extract of the plant can adversely affect the male rat reproductive system [6e].
The dry calyces of H. sabdariffa are commonly used to prepare a tea in many parts of the world and thus it was of interest to ascertain the effect of these aqueous extracts on some reproductive aspects in rats when given in amounts that we considered to be comparable with those consumed normally by humans, and also of different doses of the anthocyanins extracted from the calyces. H. sabdariffa is increasingly being used to treat hypertension in humans [7a, b] , often together with Western-type medications, and it is known that most hypertension medications themselves can adversely affect sexual function [for a review, see 7c]. This was further reason why it was thought useful to study the effect of H. sabdariffa on male reproduction. SHR rats were chosen for the study because, in tandem, H. sabdariffa aqueous extract and its anthocyanins were being tested for their effects on blood pressure (to be reported separately). The present study was undertaken to verify the effect of long term consumption of H. sabdariffa aqueous extract, and its anthocyanins for five days. Shortage of material precluded a longer study of anthocyanin intake. Figure 1a , male rats that received water extract of H. sabdariffa for 10 weeks showed a dose dependent, significant decrease in body weight compared with the control NPC Natural Product Communications 2012 Vol. 7 No. 1 41 -44 Figure 1a : The effect of Hibiscus sabdariffa (HS) on body weights of male SHR rats treated with water (control), 10% water extract, 15% water extract, and 20% water extract for 10 weeks. Each point and vertical bar depicts means ± SEM (from 6 rats).
Body weights: As shown in

Figure1b:
The effect of anthocyanins from Hibiscus sabdariffa (antho) on initial and final body weights of immature female SHR rats treated with water (control + injection of corn oil only), antho 50 mg/kg, antho 100 mg/kg, and antho 200 mg/kg for 10 days. Each column and vertical bar depicts means ± SEM (from 6 rats).
group. Immature female rats that were treated with anthocyanins showed a significant increase in body weight (Figure 1b ).
Treatment with the aqueous extract of H. sabdariffa and its anthocyanins did not produce any significant effect on testicular weight relative to the body weight. Administration of the anthocyanins for 10 days to the immature female rats did not affect either uterine weight or the rate of opening of the vaginal orifice. Administration of anthocyanins with daily injection of estradiol (2 mg/kg) for 10 days did not significantly change either the uterine weight or the rate of the vagina opening.
Testes from both control rats and rats treated with either H. sabdariffa aqueous extracts or its anthocyanins (50, 100 and 200 mg/kg) showed normal testicular structure (see Supplementary data). The concentrations of testosterone, estradiol and luteinization hormone (LH) in male rats treated with either H. sabdariffa or its anthocyanins were not significantly increased when compared with the control group. Immature female rats treated with different doses Figure 2 : The effect of Hibiscus sabdariffa (HS) aqueous extract on the protein concentration in the homogenized testes of SHR rats treated with water (control), 10% HS water extract, 15% HS water extract and 20% HS water extract for 10 weeks. Each column and vertical bar depicts mean ± SEM (from at least 6 rats). of anthocyanins (50, 100, 200 mg/kg) did not show any significant change in the concentration of estradiol.
The concentrations of cholesterol and protein, and GSH and SOD activities were not affected significantly by administration of either water extract of H. sabdariffa or its anthocyanins. However, the protein concentration in the testes of rats treated with the 15% water extract of H. sabdariffa showed a slight (about 15.8%), but statistically significant, decrease (P< 0.05) when compared with controls ( Figure 2 ).
As H. sabdariffa is widely used as a beverage, both hot and cold, and as a folk medicine against a variety of conditions and diseases [2] , the establishment of a safety profile is of importance. The reported effects of Hibiscus species on the reproductive system are contradictory, with some reports suggesting a beneficial effect [5a] and others a deleterious one [1c] .
The present work investigated, in rats, the effect of a water extract of H. sabdariffa given in concentrations similar to and above those commonly used by humans, and the anthocyanins (isolated ingredients of the plant calyces) on some established physiological, biochemical and histological indicators of male reproductive functions. These indicators have been used before in several studies [6c, 12a-d] .
In conclusion, the present results suggest that aqueous solutions of H. sabdariffa calyces given daily as the drinking water for up to 10 weeks, and the anthocyanins for five days do not significantly affect any of the male reproductive indictors used here. Further studies on other reproductive indices, such as semen quality are warranted, although it seems highly unlikely that this would be adversely affected by H. sabdariffa, as the testicular histology was unaffected by either the extract or its anthocyanins (Figure 3 in Supplementary information).
It was of interest to note that administration of the extract resulted in a dose-dependent and progressive decrease in body weight. This finding may be of interest, as it suggests that the extract may be useful as an anti-obesity drug, provided that more is known about the pharmacological and toxicological properties of the extract, and specifically on the mechanism of action of this body weightlowering action. In a single report it has previously been reported that oral administration of H. sabdariffa aqueous extract resulted in significant body weight reduction in obese rats [8] . This is in agreement with the popular belief in Mexico that drinking H. sabdariffa aqueous extract can treat obesity. In future experiments to follow up this observation, measurement of the daily food and liquid intakes of the rats would need to be carefully monitored. Effect of anthocyanins on rat reproductive system Natural Product Communications Vol. 7 (1) 2012 43 Experimental Animals: Male SHR rats weighing initially 250-350 g and immature female SHR rats (30-40 g) were obtained from the Sultan Qaboos University Small Animal House. They were divided into different groups and placed in plastic cages (6 rats/cage) under controlled environmental conditions (temperature of 23-25 o C, relative humidity 50-60%). The rats were kept on a 12 h day/night schedule, and had free access to normal rat pellets and tap water. In some experiments, for some groups, drinking water was replaced by an aqueous extract of H. sabdariffa calyx at different concentrations. All rats were individually weighed at the beginning and end of the experiment.
Plant material and chemicals:
Dried Hibiscus sabdariffa calyces were bought from the local market. The botanical identification of the material was checked with a taxonomist in the Department of Biology, College of Science, Sultan Qaboos University. All chemicals used were of the highest purity available and were obtained from Sigma (St. Louis, MO, USA). Known amounts of calyces (10, 15 and 20 g) were weighed freshly every morning and placed separately in distilled water (90, 85 and 80 mL, respectively), manually shaken for 5 min, and left overnight at room temperature. After 24 h, the water extracts were removed and given to the rats as their only drinking source (in lieu of drinking water). The anthocyanins were prepared by one us (GB) by methods described earlier [9a, b] . They were dissolved, as provided, in distilled water at different doses (50, 100 and 200 mg/kg) and given orally, by gavage, daily.
Experimental design: A) Male SHR rats (n =24) were randomly divided into 4 equal groups (6 rats/group), and treated for 10 consecutive weeks. The first group (control) was given tap water. The second, third and fourth groups were given an aqueous extract of H. sabdariffa prepared from 10 g, 15 g and 20 g dry calyces, prepared as above, in lieu of drinking water, for 10 weeks, respectively.
B) Male SHR rats (n =24) were randomly divided into 4 equal groups (6 rats/ group), and treated for 5 days by oral gavage. The first group (control) was given tap water. The second, third and fourth groups were given anthocyanin solutions at doses of 50, 100 and 200 mg/kg as their drinking water, for 5 days, respectively.
At the end of the treatments in both experiments, all rats were weighed, anesthetized using ketamine (75 mg kg -1 ) and xylazine (5 mg kg -1 ) given intraperitoneally (i.p), and blood from the anterior vena cava was collected in heparinized tubes. The rats were killed by an overdose of the anesthesia and the testes were excised, cleared of fat and weighed. Blood was centrifuged at 900 g for 20 min at 5 o C to obtain plasma, which was used for measurement of testosterone, estradiol-17β and luteinization hormone (LH) concentrations using enzyme-linked immunosorbent assay (ELISA) techniques (DRG Instruments GmbH, Marburg, Germany). The testes were weighed and then small pieces were placed in buffered formalin for subsequent histological examination, as described before [10] . The rest of the tissue was homogenized in cold normal saline, and testicular homogenates (10%, w/v) were prepared in phosphate buffered saline (PBS) (10 mmol L -1 , pH 7.4) for measurement of glutathione (GSH) (Biovesion, California, USA), superoxide dismutase (SOD) (Cayman Chemical Company, Ann Arbor, MI, USA), total cholesterol (Spainreact, Spain), and protein [11] concentrations using spectrophotometry and ELISA commercial kits, after centrifugation of the homogenate at 900 g for 20 min at 4 o C, removal of the supernatant and storage at -20 o C. GSH, SOD and cholesterol levels are biochemical indices used in studies of reproductive function [for example, 12a-c].The histopathological study was conducted by a pathologist (S A) unaware of the treatments. C) Immature female SHR rats (n=48) were randomly divided into 8 equal groups (6 rats / group), and treated for 10 days by oral gavage. The first group was given tap water with subcutaneous injection of corn oil. The second group was given tap water with subcutaneous injection of estradiol benzoate (2 mg/kg) dissolved in corn oil. The third, fourth and fifth groups were given anthocyanins at oral doses of 50, 100 and 200 mg/kg with subcutaneous injection of estradiol benzoate (2 mg/kg) dissolved in corn oil, respectively. The sixth, seventh and eighth groups were given anthocyanins at oral doses of 50, 100 and 200 mg/kg, respectively.
At the end of the treatments, all rats were weighed, anesthetized as described before, and blood was collected in heparinized tubes. The rats were killed by an overdose of the anesthesia and the uteri were excised and weighed. Uteri were then oven dried at 100ºC and their dry weights determined. Plasma obtained was used for measurement of estradiol concentration by ELISA techniques.
Statistical analysis:
Values reported are means ± SEM from 6 rats. Differences between means were evaluated by a one-way analysis of variance (ANOVA). Post-hoc Dunnett's test was used to compare the treatment and control groups and the statistical significance was set at P<0.05.
Supplementary data: Light microscopy photomicrographs of sections from testes of control and treated rats are shown in Supplementary data (Figure 3 ).
